Combined injuries to the menisci and anterior cruciate ligament (ACL) are frequently seen in the acutely injured knee.[@bib1] Historically, it was believed that the menisci served no functional purpose, and they were often excised with open total meniscectomy. In 1948, Fairbank[@bib2] reported the clinical outcomes of 107 patients after total meniscectomy and found that most had progressive flattening of the condyle, narrowing of the joint space, and ridge formation. This landmark study significantly changed the approach to dealing with meniscal tears. The accumulation of evidence of long-term consequences and altered biomechanics in the knee after meniscectomy has placed greater emphasis on meniscus-preserving techniques.

Several studies have shown that meniscal repair results in fewer degenerative changes than partial or subtotal meniscectomy.[@bib3], [@bib4], [@bib5] The results of meniscal repair along with ACL reconstruction have shown better healing and lower retear rates compared with isolated meniscal repairs.

The purpose of this study was to evaluate the outcomes of arthroscopic meniscal repair performed in combination with ACL repair. We hypothesized that meniscal repair along with ACL reconstruction would result in significantly higher healing rates and improved postoperative functional outcome scores.

Methods {#sec1}
=======

From 2014 to 2016, patients who underwent repair of meniscal tears along with ACL reconstruction were identified. The inclusion criteria were surgery within 3 months of injury, tears located in the red-red or red-white zone, and good tissue quality. The exclusion criteria were discoid meniscal lesions and combined ligament injuries other than ACL injuries.

All surgical procedures were performed under tourniquet control. All ACL reconstructions used quadrupled hamstring tendon (semitendinosus or semitendinosus-gracilis) autograft. Meniscal repair was performed primarily using an all-inside technique, whereas outside-in and inside-out techniques were used alone or in conjunction with the all-inside technique.

The postoperative protocol consisted of range-of-motion exercises from 0° to 90° and non--weight-bearing walking with a posterior long knee brace for 3 weeks after surgery. This was followed by gradual progression to full range of motion and partial weight bearing. Full weight bearing began at 4 to 5 weeks after surgery. Running and preinjury activities were permitted at 5 to 6 months after surgery, depending on strength and neuromuscular coordination.

Postoperatively, patients were followed up periodically, at 3, 6, 9, 12, and 24 months. Preoperative and postoperative functional evaluations were performed using visual analog scale (VAS), International Knee Documentation Committee (IKDC), and Lysholm knee scores. Patients with a minimum of 6 months' follow-up were included in the study. The criteria for clinical success included a negative McMurray test finding and absence of joint-line tenderness, locking, and swelling. Diagnosis of a failed repair was based on clinical symptoms and signs suggestive of a retear of the repaired meniscus. When a retear was suspected clinically, the status of healing at the repair site was assessed with 3-T magnetic resonance imaging (MRI) followed by repeated arthroscopy. Conventional MRI is useful in diagnosing extrameniscal pathology postoperatively in patients. However, it has a lower sensitivity for detecting retears after partial meniscectomy because it relies primarily on showing fluid entering the meniscal retear on T2-weighted images. Conventional MRI is also less accurate after meniscal repair, in which the repair site usually maintains an altered signal for years. Magnetic resonance arthrography has a higher sensitivity for detecting retears in menisci and is the procedure of choice in many situations. Because imaging investigations are expensive and not without risk to the joint, only symptomatic patients were subjected to postoperative MRI. Asymptomatic retears might be missed using this protocol but unnecessary MRI scans would be avoided.[@bib6]^,^[@bib7]

The study results were tested for significance using the Wilcoxon signed rank test. Because the sample size was small, a normal distribution of the data cannot be assumed. Hence, a nonparametric test for comparison of paired data (Wilcoxon rank ligand test) was used to test the significance of the results.

Results {#sec2}
=======

During the study period from 2014 to 2016, 445 patients underwent ACL reconstructions at our center. All ACL reconstructions were performed using a quadrupled hamstring tendon (semitendinosus or semitendinosus-gracilis) autograft. The autograft was fixed using a variable-loop suspensory fixation device on the femoral side and an interference screw or a suture disc on the tibial side. Among these patients, 225 (50.56%) had concomitant meniscal tears. Of these patients with concomitant meniscal tears, 34 (15.11% of the patients with ACL and concomitant meniscal tears) underwent meniscal repair with combined ACL reconstruction. The remaining 191 patients (84.89% of the patients with concomitant meniscal tears) were identified to have irreparable meniscal tears and underwent partial meniscectomy instead. The reason for irreparability of the meniscal tear was either the tear pattern, size, or location or the quality of the remnant meniscal tissue.

The mean age of the patients was 29.1 years (range, 17-44 years). Among the 35 menisci that were repaired, 21 patients had a follow-up period of 24 months, 7 had a follow-up period of 12 months, and 7 had a follow-up period of 6 months. The mean follow-up period was 18 ± 7.8 months (range, 6-24 months). Among the 34 individual knees, 1 patient (3%) underwent both medial and lateral meniscal repairs. Medial meniscal repair was performed in 20 knees (59%), whereas the lateral meniscus was repaired in 13 knees (38%) ([Fig 1](#fig1){ref-type="fig"}). Only concomitant longitudinal meniscal tears involving the outer and middle third of the meniscus were repaired. Six patients had a radial tear in the adjacent meniscus that was treated with an additional partial meniscectomy. A complex tear pattern was seen in 3 patients and was treated with an additional partial meniscectomy. The case series also included 1 bucket-handle tear and 3 longitudinal tears in the posterior horn that were treated with partial meniscectomy and underwent a repair of the adjacent meniscus in the same knee.Fig 1Meniscus involved in study subjects, displayed as n (%).

An all-inside technique alone was used to treat most of the medial meniscal tears (14 \[64%\]), followed by a combination of all-inside and outside-in techniques (7 \[31%\]); 1 tear (5%) was repaired with a combination of inside-out, outside-in, and all-inside techniques. In the lateral meniscus, 9 tears (69%) were treated by an all-inside technique alone, whereas 2 tears were treated by a combination of all-inside and outside-in techniques and 2 tears were repaired by the outside-in technique alone ([Fig 2](#fig2){ref-type="fig"}).Fig 2Techniques used for meniscal repair.

Among the 35 meniscal repairs, 33 (94.3%) were performed using an all-inside repair implant. Only 2 repairs were completed without the use of the all-inside repair implant. Of the 33 repairs that underwent an all-inside repair with or without an additional repair technique, 24 (72.72%) were performed using 2 all-inside repair implants, 6 (18.18%) were performed using a single all-inside repair implant, and 3 (9.1%) were completed using 3 all-inside repair implants.

Among the 35 repairs, 12 (34.3%) involved the use of the outside-in technique with or without an additional technique (8 in the medial meniscus and 4 in the lateral meniscus). Outside-in repair involved the use of 4 to 5 stitches with non-absorbable braided polyester suture material. Only 1 repair (2.85%) involved the use of the inside-out technique with an additional technique. This was completed using 3 stitches with non-absorbable braided polyester suture material.

The mean IKDC score was 38.46 preoperatively and improved to 80.30 at final postoperative follow-up (statistically significant difference, *P* = .00008). The mean Lysholm score was 50.30 preoperatively and improved to 91.40 at final postoperative follow-up (statistically significant difference, *P* = .00008). According to the Lysholm knee score, 31 patients (89%) had excellent or good results. The mean VAS score decreased significantly from 7.3 preoperatively to 2 postoperatively (*P* \< .00001) ([Fig 3](#fig3){ref-type="fig"}).Fig 3Functional score assessment. (IKDC, International Knee Documentation Committee; VAS, visual analog scale.)

The clinical success rate of the repairs was 89%. Of 35 repairs, 4 (11%) had retears. All the retears were observed in the medial meniscus. In all cases of retear, recurrence of meniscal symptoms was noted and the location of the retear involved the original tear site. Three retears were diagnosed within 6 months after the operation. One was diagnosed at 18 months. All retears were bucket handle--type tears in the red-white zone. Two patients were treated by partial meniscectomy because of the unacceptable symptoms or mechanical nature of the symptoms. Two patients opted for a conservative line of management. Because of the small number, it is difficult to recommend an optimal line of management in symptomatic retears.

Discussion {#sec3}
==========

This study showed significant improvements in mean IKDC (from 38.46 to 80.30), Lysholm (from 50.30 to 91.40), and VAS (from 7.3 to 2) scores after combined ACL and meniscal repair. The overall success rate of the procedure was 89%, with an 11% retear rate in the meniscus.

Around 40% to 65% of patients with ACL injuries have concomitant meniscal injuries.[@bib1]^,^[@bib8] The association of ACL injury and ACL reconstruction with early post-traumatic osteoarthritis has been well established.[@bib9]^,^[@bib10] There has been an increased emphasis on repair of the meniscus over the past 3 decades because this structure is essential in preventing osteoarthritis.[@bib11]

Knees treated with meniscectomy have been shown to evolve into osteoarthritic knees 3 to 7 times more commonly than osteoarthritis occurring in normal knees.[@bib12] The association of an ACL lesion with a meniscal tear increases the prevalence of long-term radiographic osteoarthritis (prevalence of 59%) compared with ACL injury alone (prevalence of 31%).[@bib13] Shelbourne et al.[@bib14] concluded from their study that further follow-up was needed to recommend definitive treatment but their meniscectomy group had significantly more pain compared with their meniscal repair group. No statistically significant difference was found between groups for the subjective subscores for swelling, stability, and activity level.[@bib14]

The meniscus plays an important role in both knee stability and load distribution.[@bib15] It has been shown that meniscectomy plays a role in knee instability, and some authors have suggested a risk of ACL graft failure in patients undergoing simultaneous meniscectomy (after the removal of the posterior horn).[@bib16]

Papageorgiou et al.[@bib17] performed a biomechanical study on cadaveric knees and found that after medial meniscectomy, the forces on the ACL graft increased by between 33% and 50%. They suggested that ACL grafts may be at increased risk of failure in the absence of the medial meniscus. Thus, meniscal repair may protect the ACL graft from increasing stress forces.

Arno et al.[@bib18] showed in their cadaveric study that partial medial meniscectomy, in which resection exceeded 46% of the original width of the medial meniscus, altered the anteroposterior stability of the medial femoral condyle and led to increased anteroposterior laxity. This may lead to abnormal cartilage loads and early osteoarthritis.

Various studies comparing the results of meniscal repair with partial meniscectomy have shown better functional and radiologic results after meniscal repair, with failure rates of repair ranging from 10% to 35%.[@bib15]^,^[@bib18]^,^[@bib19] A systematic review of studies reporting the outcomes of meniscal repair at a minimum of 5 years postoperatively by Nepple et al.[@bib19] showed a similar meniscal failure rate of 22.3% to 24.3% for all techniques investigated.

In our study, the failure rate of meniscal repair was 11%. This finding may be a result of the relatively short follow-up period. Meniscal repairs performed concomitantly with ACL reconstruction have been shown to have better outcomes than isolated meniscal repairs. In patients where a retear was suspected based on clinical symptoms, a 3-T MRI scan of the involved knee was performed. MRI characteristics of the postoperative meniscus that can be used to identify meniscal pathology are as follows: contour (smooth or irregular), T2 line through the meniscus (no line, intermediate signal line, intermediate to high signal line, and high fluid-like signal line), displaced meniscal fragment, and change in the signal pattern through the meniscus compared with baseline MRI. Menisci with no T2 signal line were not torn at surgery. The most useful MRI characteristics to predict torn postoperative menisci at surgery were a change in the signal pattern through the meniscus compared with baseline MRI and a displaced meniscal fragment followed by a high T2 line through the meniscus, an intermediate to high T2 line through the meniscus, and an irregular meniscal contour.[@bib20] On the basis of these MRI characteristics, Kijowski et al.[@bib20] reported 64 meniscal retears (42.25%) among 148 patients.

Matsushita et al.[@bib21] reported good results for isolated meniscal healing after repair. They found complete meniscal healing in 49 knees (56%), incomplete meniscal healing in 19 knees (22%), and retears in 19 knees (22%). The literature reports an incidence of retears ranging from 20% to almost 40%. The risk factors for meniscal retears were the size (length of the tear), the presence of a complete tear, and a positive pivot-shift test finding (residual instability).[@bib21]

A systematic review by Paxton et al.[@bib22] showed an overall reoperation rate of 24% after meniscal repair compared with 14% when performed in conjunction with ACL reconstruction, and this relation was maintained even when analyzed by specific repair methods and devices. Comparison of reoperation rates and clinical outcomes of meniscal repair versus meniscectomy at short-term and long-term follow-up showed lower reoperation rates (1.4% and 3.9%, respectively) for partial meniscectomy than for isolated meniscal repair (16.5% and 20.7%, respectively). Paxton et al. concluded that although meniscal repairs have higher reoperation rates than partial meniscectomies, they have better long-term outcomes.

In a study of reoperations after meniscal repair, with and without concomitant ACL reconstruction, Wasserstein et al.[@bib23] concluded that meniscal repair performed in conjunction with ACL reconstruction carries a 7% absolute and 42% relative risk reduction of reoperation after 2 years compared with isolated meniscal repair. The potential explanation for the better results could be the abundance of blood and growth factors brought into the knee by drilling bony tunnels, relatively limited patient activity, and less aggressive rehabilitation after combined procedures, as well as better tissue quality of the meniscus at the time of repair.

A study by Lester et al.[@bib24] analyzing the cost-effectiveness of meniscectomy versus meniscal repair with combined ACL reconstruction recently concluded that the findings favored the meniscal repair group. They reported a higher failure rate in the meniscal repair group (10% vs 4%), but the overall rate of arthritis (symptomatic plus asymptomatic) was much higher in the meniscectomy group (34.5% vs 6.5%).

In our study, all retears occurred in the medial meniscus. Of the 4 retears, 3 occurred within 6 months and 1 occurred after 1.5 years. Several studies have previously suggested a higher failure rate for medial meniscal repair than for lateral meniscal repair, with medial repairs failing earlier than lateral repairs.[@bib22]^,^[@bib25]^,^[@bib26] This may be due to the fact that the medial side of the meniscus is anchored more tightly to the tibial plateau and the fact that the medial compartment bears higher biomechanical loads.[@bib17]^,^[@bib18] If there is residual laxity after ACL reconstruction, the medial meniscus may encounter greater stress because it is a secondary stabilizer to anterior tibial translation.

Noyes and Barber-Westin[@bib26] performed a systematic review to determine the incidence of meniscectomy, meniscal repair, and meniscal tears left in situ during ACL reconstruction. They included 11,711 meniscal tears, of which 65% (7,621 tears) were treated by meniscectomy, 26% (3,022 tears) were treated by repair, and 9% (1,068 tears) were left in situ. They concluded that meniscectomy is performed 2 to 3 times more frequently than meniscal repair during ACL reconstruction. The number of potentially repairable meniscal tears that were treated by resection in this systematic review could not be identified. This is concerning because studies have shown that regardless of knee stability obtained after ACL reconstruction, meniscectomy accelerates degenerative joint changes.

Limitations {#sec3.1}
-----------

The limitations of this study include the small sample size (N = 35) and the relatively short follow-up period. In addition, the diagnosis of failure was based on clinical evaluation alone, with MRI being performed only in patients who experienced symptoms of failure of the meniscal repair. Therefore, asymptomatic repair failure was not included among the failed cases.

Conclusions {#sec4}
===========

Arthroscopic meniscal repair along with ACL reconstruction provided predictably high rates of meniscal healing and yielded favorable functional and clinical results. Patient selection remains one of the most important prognostic factors.
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